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arley (Hordeum vulgare L.) 2n = 2x = 14 is a crop with a great adaptation potential in many regions of the world. Growers can obtain a harvest in areas with low precipitations, mainly because this crop has advantages in aspects such as salt, drought, frost tolerance and the early period of development (Bennett and Smith, 1976) . It is ranking the fourth crop in terms of production after wheat, rice and maize (Bengtsson, 1992) . In terms of importance, barley is used mainly for animal feed, brewing malts and for human consumption in several countries. It is one of the most economic and important cereals grown under saline or partially reclaimed alkaline soils.
Salinity is a major abiotic stress affecting crops in Egypt and throughout the world. More than 800 million hectares of land are salt affected globally, accounting for more than 6% of the total land area (Munns and Tester, 2008) . Egypt is one of the countries that suffer severe salinity problems in some areas. For example, 33% of the cultivated land (Ghassemi et al., 1995) , which comprises about 3% of total land area in Egypt, is already salinized. The reduction in production of soils affected by salinity is about 30% (ElLakany et al., 1986) . Ashraf and Haris (2004) found that salt tolerance is a complex trait and is affected by large number of mechanisms. Therefore, the identification of a single criterion for ranking genotypes for their tolerance to salt stress is extremely difficult. Thus, by manipulating the heritable variation present in the germplasm, they concluded the possibility of developing saline-tolerant cultivars through breeding technique, but it is a cumbersome and time-consuming process. Flowers (2004) found that there was sufficient evidence that salt tolerance is a multi-genic trait, which suggested that the overall trait is determined by a number of sub-traits any of which might, in turn, be determined by any number of genes. These sub-traits generally include the ability to minimize the net accumulation of sodium and/or chloride ions and to select potassium from a background of high sodium concentration. Ahmed et al. (2001) found that bar-B ley genotypes significantly differed in plant height, biological yield and grain yield. They added that it was possible to identify some barley genotypes that could survive under salt stress conditions. Ahmad et al. (2003) stated that increasing sodium chloride and sodium sulfate concentration resulted in the reduction of number of tillers, length of spike, number of spikelets per spike, biomass per plant and grain yield per plant. They also found that increasing sodium chloride concentration resulted in greater damage to all cultivars than sodium sulfate. Taghipour and Salehi (2008) studying salt tolerance of Iranian barley (Hordeum vulgare L.) genotypes in seedling growth stages found significant differences among the genotype x stress interaction for all characteristics studied. Their results showed that seedling growth stages were decreased in all 12 barley varieties they have studied with increasing salinity level.
However, the advent of the Polymerase Chain Reaction (PCR) favored the development of different molecular techniques. Simple sequence repeats (SSRs) are at the moment the most popular and widely used PCR-based marker systems in Marker-Assisted Selection (MAS). SSR markers combine a number of advantages for practical applications, as they are codominant and multi-allelic, stably inherited, amenable to automation and highthroughput analysis, highly variable, and detect the highest level of polymorphism per locus (Röder et al., 2004) . They are highly reproducible, highly polymorphic, PCR-based and readily portable within a species (Edwards et al., 1996) . SSRs polymorphism is easily assayed by PCR. Finally SSRs marker is technically efficient, cost-effective to use and are available for barley (Petersen and Seberg, 1998) . According to Pupko and Graur (1999) , any number of tandem repeats of a certain nucleotide combination may be regarded as a microsatellite. In addition, SSR markers are distributed all over the genomes (Varshney et al., 2007) . All these factors make them the markers of choice for genetic research. Barley is one species in which SSRs have been developed and there are now over 500 mapped . Initial work using SSRs in wild barley diversity studies involved just 11 mapped SSRs (Forster et al., 1997) . The variation of SSRs in cultivars, landraces and wild barley shows that landrace and wild barley have unique alleles not found in the cultivated gene pool (Powell, 1997) . The use of molecular markers accelerates the breeding process and offers a straightforward aid in the selection of resistant genotypes. Eleuch et al. (2008) investigated genetic diversity of barley accessions for grain yield, heading date and plant height under salinity. They used 48 barley genotypes with 22 microsatellite simple sequence repeat (SSR) markers. Four of the 22 markers (Bmac316, scssr03907, HVM67 and Bmag770) were able to differentiate all barley genotypes. Cluster and principal coordinate analysis allowed clear grouping between countries from the same region. The genotypes used in this study have been evaluated for agronomic performance at different environments. Also their study revealed a close association of the marker Bmag749 (2H and bin 13) in two different environments with common significant alleles (175 and 177), whereas the HVHOTR1 marker (2H and bin 3) was only significant at Sakha-Egypt with alleles size being 158 and 161 bp. Heading date also showed an association with scssr03907 through the common significant specific allele 111 and EBmac0415 markers at three different agro-climatic locations, whereas HVCMA, Scssr00103 and HVM67 were linked to heading date in the Egyptian environment only. The plant height association analysis revealed significant markers Bmag770 via the significant allele 152 and Scssr09398. Therefore, the main objectives of the present study were to: 1) study the genetics of yield and yield components in some barley genotypes under salinity stress, 2) detect the best genotypes, which are salt tolerant and 3) establish specific DNA markers associated with salt tolerance in barley genotypes using SSR patterns to be useful in barley breeding programs.
MATERIALS AND METHODS
The present field investigation was carried out in the Sakha Research Farm, Barley Research Department, Field Crops Research Institute; Agricultural Research Center during two growing seasons; 2009/2010 and 2010/2011 . Laboratory work was carried out at the Central laboratory for environmental studies, Kafr ElSheikh University, Egypt. Two field experiments were carried out in this study; the first experiment was carried out during 2009/2010 season at two locations; ElSerw (as a saline soil) and Sakha (as a control) using 20 genotypes varied in their tolerance/sensitivity to salinity stress and were sown in a small scale as individual plants. The second experiment was carried out during 2010/2011 season at the same two locations; El-Serw and Sakha using the same twenty genotypes but sown in a large scale in bigger plots (1.6 m 2 ).
The selection criteria of these genotypes were based on pedigrees, origin of each genotype and the genotype performance, yield and its components, heading date and plant height (Eleuch et al., 2008) , based on normal distribution curve, while the focus was on those traits which are associated with salt tolerance. The present investigation also intended to study molecular markers associated with salt tolerance to be useful in barley future breeding programs. Moreover, to study the genetics of yield and yield components in the studied barley genotypes in order to detect the best genotypes, which are expected to be salt tolerant and to understand the genetic basis of key agronomic traits for the development of molecular markers.
Barley Genotypes
Twenty genotypes of barley (Hordeum vulgare L.) were selected from 48 genotypes based on their tolerance/sensitivity to salinity stress ( 
Soil samples
Soil samples were taken before land preparation in two depths from the soil surface; i.e. 0-15 cm and 15-30 cm. Chemical properties of the soil in El-Serw and Sakha locations for the two seasons; 2009/2010 and 2010/2011 are shown in Table ( 2) and irrigation water for the two seasons at El-Serw are shown in Table ( 3). Field experimental samples were analyzed according to Piper (1950) and Black et al. (1965) .
Studied Characteristics
Five growth measurements for the twenty barley genotypes were taken on ten individual plants which had been randomly taken from the central rows of each plot are seedling rate (%), days to 50% heading (days) (DH), plant height (cm), number of tillers/m 2 and grain yield (kg/m 2 )
Statistical Analysis
Data collected from the two seasons were statistically analyzed as a randomized complete block design (RCBD) using analysis of variance (ANOVA) for each season and over all the two locations in the two seasons 2009/10 and 2010/11 as a combined analysis. The means of genotypes and cultivars included in this trial were compared using Duncan's New Multiple Range Test (Duncan, 1955) (LSD) at 0.05 level of probability. All statistical analyses were performed using the computer software MSTAT-C Computer Program according to (Snedecor and Cochran, 1969) .
Microsatellite markers, DNA extraction and PCR amplification
Ten microsatellite primers from the published sequences of (Saghai-Maroof et al., 1994; Pillen et al., 2000; Karakousis, 2002) have been used for this study. They were on average 18-24 bp in length. Primers' sequences, chromosomal location, size range, marker type, motif and the reference are listed in Table (4) . Genotyped markers were assigned using the Grain Genes data base (http://grain.jouy.inra.fr/cgibin/graingene s/browse.cgi) (Kleinhofs and Graner, 2001) .
Genomic DNA of the 20 barley genotypes was extracted from leaves isolated using CTAB method adapted by (Doyle and Doyle, 1990) . The quantification of DNA was confirmed by agarose gel electrophoresis (2%) in 1 x TBE buffer against 100 bp DNA Ladder as a size marker. Polymerase chain reaction (PCR) amplification was prepared in volume of 25 µl using 40ng genomic DNA, 2 µmol dNTP, 25 mM MgCl 2 , 10 pmol of each primer (forward and reverse), 5 U Taq polymerase.). PCR cycling was carried out as the following program; one cycle at 95C for 5 min., then 35 cycles were performed as follows:
1min. at 95C for denaturation, 45 sec. at (based on primer almost 5456C) for annealing and 30 sec. at 72C for extension. Reaction was incubated at 72C for 7 min then at 4C for keeping.
Statistical analysis and data scoring
The amplified bands from SSR were scored under the heading of total scorable fragments. Amplification profiles of the 20 barley genotypes were compared with each other and bands of DNA fragments were scored as a binary data where presence (1) or absences (0), for all accessions and the marker-traits associations was investigated for the five characteristics under salt conditions in the two seasons 2009/10 and 2010/11. For identification of associations between SSRs and agronomic traits, ANOVA analyses were performed using COSTAT software to examine associations that were more likely could be based on repeat variation of SSRs. Through F-test using binary data, these specific significant alleles per significant marker have been disclosed according to Ivandic et al. (2002) .
RESULTS AND DISCUSSION
Data were classified into two major topics; field screening and molecular analysis:
Field screening
Generally, field screening for salinity tolerance remains the main tool, despite its limitation of time required and environmental dependency. However, many potential criteria or traits have been proposed for field screening. The significant and the mean performance of the 20 barley genotypes were calculated for the five studied characteristics for the 20 barley genotypes, which was selected from 48 genotypes and were grown in the field at two locations (Sakha, non-saline and El-Serw, saline soil) in two cropping seasons 2009/10 and 2010/11.
Seedling rate (SR)
Seedling growth rate of each genotype was estimated and data were analyzed and tabulated in Tables (6 & 8) . The data showed high significant differences among all 20 genotypes at seedling stage in locations and their combined during the two cropping seasons 2009/10 and 2010/11. Data indicate that the mean values of the highest germination of seedling stage were obtained from barley cultivar no.2 (Giza 123) and barley cultivar no. 8 (California Mariout) giving 100% germination in both locations and in their combined during the two cropping seasons. On the other hand, data in Table ( Table ( 9) showed barley genotype no.17 giving the lowest mean value of the germination at El-Serw (8.3%), and about (47.5%) in the combined between the two locations during 2010/11, followed by barley cultivar genotype no.5 (Giza 132) and barley genotype no.11 (Dier Alla) both gave the same value (80.0%) at Sakha.
High significant interaction (GxL) between the two locations (L) and genotypes (g) for seedling growth rate was detected in both seasons (Tables 6 & 8) . These results were similar to those reported by Naseer et al. (2001) who reported that salt tolerance at the seedling stage is important because the initial plant stand affects the final production in growth stages, and Taghipour and Salehi (2008) who found that there were significant differences among the genotype × stress interaction for seedling growth.
Days to heading (DH)
Data of the appearance of 50% of spikes from the sheath (known as days to heading) are presented in Tables (6&8) demonstrating high significant differences for this characteristic among barley genotypes and between the two locations and their combined during the two cropping seasons. Results in Table (7) show the mean values for DH of the 20 barley genotypes under study at the two locations during the first season. Genotype no. 12 was the earliest at the two locations ElSerw and Sakha (79.3 and 89.3 days), respectively. In addition, this genotype was the earliest across the two locations having an average of 84.3 days and in the second season 2010/11 (Table 9) show that barley cultivar no.9 (Saiko) was the earliest at the two locations; El-Serw and Sakha (87.7 and 96.3 days), respectively. In addition, this genotype was the earliest across the two locations having an average of 92.0 days.
On the other hand, in the first season the latest barley cultivar was no.11. (Dier Alla) with average values of (89.3 days) at El-Serw, while at Sakha barley cultivar no.5 (Giza 132) was the latest (96.0 days). However, in the second season the latest barley genotype was no.17 with an average of 101.7 days at El-Serw, while at Sakha barley genotype no.10 (Beecher) and no.11 (Dier Alla) were both the latest genotypes and had the same value recording (105.7 days). Data in Tables   (6 & 8) show significant interaction (GxL) between the two locations (L) and genotypes (G) for heading date in the two cropping seasons. These results are in agreement with those reported by (Ellis et al., 2000; Mariey, 2004; Oraby et al., 2005; Eleuch et al., 2008) . Tables (6&8) showed high significant differences among the 20 barley genotypes for plant height at the two locations and their combined in both cropping seasons. Results in the first season, 2009/10 in Table ( On the other hand, in the first season (Table 7) the shortest genotype was recorded by genotype no.5 at each individual location and their combined recording 46.5, 58.9 and 52.7 cm, respectively, followed by genotype no.18 at each individual location and their combined recording 47.3, 66.7 and 57.6 cm, respectively. However, in the second season 2010/11 ( Table 9 ) data indicate that the shortest genotype was recorded by barley cultivar no.6 (CC 89) at El-Serw location (67.3 cm), while barley genotype no.17 was the shortest at each of Sakha location and in the combined recording 100.7 and 87.6 cm, respectively. High Significant interaction (GxL) between the two locations (L) and genotypes (G) for plant height was detected (Tables 6 & 8) . These results are in agreement with those recorded by (Ahmed et al., 2001; Mariey, 2004; Singh, 2011) .
Plant height

Data in
Number of tillers plant -1
Regarding number of tillers plant -1 in the first and second seasons, the data in Tables (6&8) indicate that there were high significant differences among the 20 barley genotypes at the two locations; ElSerw and Sakha and their combined in the two cropping seasons. The mean performance in the first season as shown in Table (7) reveal that barley cultivar no.1 (Giza 121) ranked first for number of tillers plant -1 at both locations and in their combined in the first season. However, data in Table ( On the other hand, at El-Serw location and in the combined analysis ( Table  7 ) data showed that barley cultivar no. 6 (CC89) had the lowest value for number of tillers plant -1 (6.4 and 8. ) at Sakha location. The combined analysis (Tables 6 &  8) showed high significant effect of the interaction between locations (L) and genotypes G (GxL) for the number of tillers/plant -1 , in both seasons. These results were supported by the results reported by (Ahmed et al., 2003; Mariey, 2004; Singh, 2011) .
Grain yield
Regarding grain yield and its response to salinity stress, high significant differences for grain yield among all 20 barley genotypes were detected as shown in Tables (6 & 8 Table (7) . The maximum grain yield per plant (36.1 g) was obtained by barley cultivar no.1 (Giza 121) at Sakha followed by barley cultivar no.2 (Giza 123) at El-Serw and the combined (18.7 and 25.5 g), respectively, whereas the minimum value (5.8 g) was obtained by genotype no. 10 at El-Serw location, whereas barley genotype no. 14 gave the lowest value at Sakha and the combined recording 10.7 and 8.9 g, respectively. Moreover, data in Table ( et al., 2001; Ahmed et al., 2003; Mariey, 2004; Oraby et al., 2005; Singh, 2011) .
It was concluded from the abovementioned information that there was an interaction between genotypes and environment, and there were two barley genotypes namely; genotypes no. 9 (Saiko) from (France) and barley genotype no.12 (line from Cyprus), out yielded the check cultivars (Giza 123 and Giza 124) in grain yield, significantly. They also have some other advantages such as earliness, plant height, and number of tillers/m -2 . Therefore, it is suggested that these two genotypes need more genetic stability studies to be grown in such saline soils and could be used as new tolerant genotypes for the saline breeding programs. We also consider barley genotype no. 17 (from ACSAD) as sensitive cultivar for salinity stress and can be used in barley breeding program and molecular studies as well.
Molecular Analysis.
Out of 10 SSR primer pairs used, only six primers (Bmac209, Bmac316, SCssr03907, Bmag770, HVM67 and HVHOTRI) generated clear patterns with high polymorphism. Three of them showed monomorphic band profiles (Scssr 0013, Bmag 387 and HVHvA1).
Association analysis
Marker traits associations with salinity for the genotypes were tested on the saline soil in the two cropping seasons as shown in Table (5) . This is a novel way to associate between individual lines and DNA markers. This method allows us to screen as many as we can of barely lines for salinity tolerance. The six discriminatory primer pairs were used to evaluate marker traits association with salt tolerance in the 20 barley genotypes. These primer pairs revealed a total of 20 alleles ranging from two (HVHOTRI) to five (Bmac316) alleles per locus with a mean value of 3.5 alleles per locus. Moreover, primer pairs, Bmac0209 showed ambiguous scorable band with the 20 barely genotypes with varying response to salinity stress, which gave fewer band numbers, three alleles per locus but have high polymorphic percentage with 100% polymorphism as well as the marker HVHOTRI giving fewer band numbers, two alleles per locus with 50% polymorphism and showed obvious scorable band with the 20 barely genotypes with reliable response to salinity stress.
Out of the six primers, just two markers be evidenced for the marker traits association with salinity for three important traits (days to heading, plant height and grain yield), which was oriented as the agronomic traits association with the salt tolerance from the five studied traits under saline conditions in the two cropping seasons.
Heading date (HD)
Association analysis along with specific significant alleles was conducted for HD in the two cropping seasons 2009/10 and 2010/11. Data in Table (5) show a significant association of the marker HVHOTRI (chromosome 2H) in the two seasons under saline condition with common significant specific allele size 210 bp, and the marker Bmac0209 (3H) was significantly associated with HD in the first season under saline soil with common significant specific allele size 129 bp.
Plant Height (PH(
For plant height association analysis along with significance of that trait in Table ( 5) provided a significant association of the marker HVHOTRI (2H) with specific common allele size 210 bp in the first season under saline condition. Marker Bmag770 that have been reported by Eleuch et al. (2008) was associated with plant height but did not show any association with salinity tolerance in our study. Therefore, the marker Bmag770 should be further investigated in salinity programs of Egyptian barley genotypes for confirmation.
Grain Yield
Regarding, the association analysis along with significance of grain yield (Table 5) data showed a significant association of the marker HVHOTRI (2H) with specific common allele size 210 bp under saline condition in both seasons.
As a result, we can consider that marker HVHOTRI as shown in Fig. (1) is a marker-assisted selection for grain yield and days to heading under saline condition and we can also exercise this marker as specific marker for salt tolerance in Egyptian barely genotypes. This result was in a good harmony with those reported by Eleuch et al. (2008) who established similar data and found that the HVHOTRI marker (chromosome 2H) was only significant at Sakha, Egypt. We could also use the marker Bmac0209 (3H) shown in Fig.  (1) as the specific marker for days to heading under saline condition for Egyptian barley genotypes. Interestingly, our findings indicated that the potential efficacy of highly informative SSR markers were efficient screening for brewing genotypes in barley. Genetic relationships between barley cultivars revealed by genetic similarity at SSR levels were in agreement with their roles in agricultural production and breeding ( Qian et al., 2011) . As a good confirmation, (Karakousis et al., 2003) argued the usefulness of polymorphic SSR markers for the discrimination of breeding material in Australian barley. In barley, important traits such as salt tolerance are controlled by polygenes with additive and dominant effects that are described by quantitative trait loci (QTLs) ( Eilles et al., 2000) as salt tolerance is controlled by a variety of mechanisms.
For the present study we can consider that these genotypes which showed salt tolerance could serve as potentially novel germplasm that could be exploited for the development of new breeding lines with high level of salinity tolerance and to accelerate genetic advancement in barley and cost-efficient than conventional screening under saline field conditions. And we can indicate two markers which were more suitable for use in markerassisted breeding than the others, the marker HVHOTRI (2H) was best in marker-assisted selection for most of the traits for salinity in Egyptian barley genotypes, also the marker Bmac0209 (3H) which can substantiated that the markerassisted selection for days to heading in barley genotypes. These results are in a good harmony with those reported by (Eleuch et al., 2008; Aliyu et al., 2011) . We can also conclude that these two markers were important and useful compared to the other markers, which need further invitations on Egyptian barley genotypes for salinity tolerance.
SUMMARY
The present study was conducted during two consecutive seasons; 2009/10 and 2010/11 to evaluate the performance of some barley genotypes under salt stress and to figure out the genetic pattern related to salt stress. Twenty barley genotypes differed in their tolerance potentiality against salinity were planted in two screening field experiments at two locations; Sakha (as a control) and El-Serw (as saline condition) to detect their tolerance to salt stress. Moreover, molecular analyses were carried out using SSR-markers technique that could be associated with salt stress. The twenty barley genotypes were planted in a randomized complete block design with three replicates; each plot consisted of a genotype planted in one row 2.5 m long and 30 cm row spacing. The other field screening experiment was executed during 2010-2011 using the same 20 genotypes at the same two locations in a randomized complete block design in bigger plots of four rows 2 m long and 20 cm apart with three replicates. In the first experiment, Egyptian barley cv. no. 2 (Giza 123) and genotype no. 12 showed the highest mean values for most of the studied traits under saline conditions, and both of barley cultivars no. 8 (California Mariout) and no. 7 (Rihane-03) gave the highest mean values for some agronomic traits, while barley cultivars no.5 (Giza 132), no. 10 (Beecher) and no.18 showed the lowest mean performance values for most of the studied characteristics. Results from the second experiment showed that genotype no.9 (Saiko) gave the highest mean values for some traits such as heading date under saline condition. Out of the used ten SSR primer pairs, only six primers (Bmac0209, Bmac316, SCssr0397, Bmag770, HVM67 and HVHOTRI) generated clear patterns with high polymorphism. The six discriminatory primer pairs were used to evaluate the marker traits association with salinity under the saline soil, marker HVHOTRI (2H) had significant analysis with days to heading, plant height and grain yield with specific common allele size 210 bp and the marker Bmac0209 (3H) with specific common allele size 135 bp was specific marker for days to heading. It was concluded that those genotypes which showed salt tolerance could serve as potentially novel germplasm that could be exploited for the development of new breeding lines with high level of salinity tolerance and to accelerate genetic advancement in barley and cost efficient compared to conventional screening under saline field conditions. 
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